Planktonic ciliates constitute a fundamental component among microzooplankton and play a prominent role in carbon transport at the base of marine food webs. How these organisms respond to shifting environmental regimes is unclear and constitutes a current challenge under global ocean changes. Here we examine a multiannual field survey covering 25 years in the Bahía Blanca Estuary (Argentina), a shallow, flood-plain system dominated by wind and tidal energy. We found that the estuary experienced marked changes in wind dominant regimes and an increase in water turbidity driven from the joint effect of persistent long-fetch winds and the indirect effect of the Southern Annular Mode. Along with these changes, we found that zooplankton components, i.e. ciliates and the dominant estuarine copepod Acartia tonsa, showed a negative trend during the period 1986-2011. We showed that the combined effects of wind and turbidity with other environmental variables (chlorophyll, salinity and nutrients) consistently explained the variability of observed shifts. Tintinnids were more vulnerable to wind patterns and turbidity while showed a loss of synchrony with primary productivity. Water turbidity produced a dome-like pattern on tintinnids, oligotrichs and A. tonsa, implying that the highest abundance of organisms occurred under moderate values (∼50 NTU) of turbidity. In contrast, the response to wind patterns was not generalizable probably owing to species-specific traits. Observed trends denote that wind-induced processes in shallow ecosystems with internal sources of suspended sediments, are essential on ciliate dynamics and that such effects can propagate trough the interannual variability of copepods.
have revealed that these organisms are the preferred food source of the dominant copepod 91 Acartia tonsa (Diodato and Hoffmeyer 2008) . This omnivorous species cohabits with 92 ciliates during most of the year whereas it may reach up to 90 % of total mesozooplankton 93 abundance during the warm season, concurrent with the highest annual concentration of 94 tintinnids (Hoffmeyer 2004) . In turn, A. tonsa is one of the main food sources of 95 planktivorous fish (López Cazorla et al. 2011) . The aim of this study is to quantify the 96 interannual response of ciliates to environment drivers, with emphasis on wind patterns and 97 water turbidity. For this purpose, we have employed a unique multiannual data set in the 98 SW Atlantic Ocean that covered the abundance of micro-(ciliates community) and meso- inverted microscope (Hasle 1978) . We here focused on tintinnids and oligotrichs since they 140 represent the most abundant groups within microzooplankton in the Bahía Blanca Estuary 141 (Pettigrosso 2003 , Barría de Cao et al. 2005 . A total of 178 samples were analysed for the 142 quantification of tintinnids, while 97 samples were analysed for the quantification of 143 oligotrichs. Samples for tintinnids quantification were taken at a monthly or biweekly 144 frequency during the following periods: April 1986 to May 1989 , June 1995 to April 1997 March 2002 to March 2004 , October 2006 to February 2008 and July 2008 to April 2011 Samples for oligotrichs quantification were also taken at a monthly or biweekly frequency Water temperature (°C), salinity and turbidity (NTU) were measured simultaneous to 171 biological sampling using a digital multi-sensor Horiba U-10. Likewise, samples for the 172 determination of dissolved inorganic nutrients were taken from the surface layer using a 173 van Dorn Bottle (2.5 l) at a monthly frequency. Nitrate, nitrite, phosphate and silicate 174 concentrations were determined following the methods described in Spetter et al. (2015) .
175
The sum of nitrate and nitrite was expressed as the concentration of dissolved inorganic 176 nitrogen (DIN). Data on wind speed and direction were provided by the National Weather 177 Service (http://www.smn.gov.ar). Hourly data were available for the period 1991-2015 178 while previous to 1991 (1978-1990) data were recorded every three hours.
179
The region is influenced by large-scale atmospheric phenomena such as SAM and El Niño 180 Southern Oscillation (ENSO) (Vera et al. 2004, Menéndez and Carril 2010) . The SAM-
181
Marshall index, based on the difference of mean sea level pressure between the latitudes 182 40°S and 65°S, was selected for the analysis as it reduces the influence of spurious trends : 1986-2002 and 2003-2011. 207 These periods were selected considering the significant breakpoint on the chlorophyll a To explore correlations between water turbidity and wind patterns with climate variables of 223 interest operating at regional and global scales, we constructed a path model (SEM). We and turbidity explained more than 29% of variance when predicting the abundance of 264 zooplankton groups, we examined the partial response of tintinnids, oligotrichs and A. 265 tonsa to these three predictors. 
Results

268
Long-term dynamics of ciliates 269 The mean monthly abundance of tintinnids along the time series was 3416 cell l -1 (Table   270 S1), while the monthly abundance of oligotrichs was lower and averaged 1403 cell l -1
271
( Table S2 ). The assessment of the long-term variation of ciliates showed a negative 272 interannual trend (Fig. 2) . Tintinnids declined at a yearly rate of 2.8 % (p<0.001, R 2 = 273 0.735), corresponding to a decrease of ~97.8 cell l -1 yr -1 , while oligotrichs declined at a 274 yearly rate of 1.6 %, although the trend was not significant (p=0.221, R 2 =0.281). Likewise, 275 the abundance of the copepod A. tonsa also showed a negative trend (p=0.005, R 2 =0.605) 276 and a yearly rate of decline of 3.3 %. A total of 11 tintinnid species showed a negative Tintinnopsis brasiliensis and T. sp., showed a positive trend. The oral diameter of these 333 species ranges from 56 to 90 µm, which is above the mean oral diameter of the estuarine 334 tintinnids (mean <40 µm). The oral area is proportional to prey encounter rate, and a wider 335 encounter radius may confer a competitive advantage against species with narrower oral 336 area constrained to a smaller prey size spectrum (Dolan 2010). The loss of the winter 337 phytoplankton bloom in the last three decades, produced a loss of synchrony between 338 tintinnids and primary producers, and changed the seasonal pattern of resource availability 339 for higher trophic levels. In turn, the abundance of the dominant copepod A. tonsa, showed 340 a significant positive relationship with tintinnids, denoting that the ecological interaction Long-term patterns of wind and water turbidity 354 Regional wind patterns evidenced a shift toward low intensity but highly persistent NW Fig. 6a ), in concurrence with the decadal shift on SAM spatial structure.
368
Although the increase of water turbidity is generally attributed to an increase in wind speed (1986-1989, 1996-1997 and 2004-504 2006) were averaged together. Negative trend was observed in almost all species except for 505 Tintinnopsis brasiliensis and T. sp. that showed a positive trend. Scale bar denotes the value 506 of tintinnid abundance. -Tintinnids were more vulnerable to wind patterns and turbidity and lost synchrony with primary productivity.
-Interannual variability of the copepod Acartia tonsa followed the changes in ciliate community.
-Erosive processes in shallow estuaries impact on the interannual dynamics of ciliates and such effects can cascade-up to copepods.
